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ABSTRACT 


The  effectiveness  of  surface-active  substances  in  displacing  Navy 
Special  fuel  oil  aiiu  water  from  solid  surfaces  has  been  demonstrated. 
A  general  mechanism  is  outlined  for  the  rapid  displacement  of  one 
liquid  by  another  as  a  result  of  unbalanced  surface  forces.  Two  for¬ 
mulations  have  been  developed,  one  for  the  displacement  of  fuel  oil  and 
the  other  for  the  removal  of  water  from  electrical,  electronic,  or 
mechanical  equipment.  Both  formulations  are  relatively  harmless  to 
most  electrical  and  electronic  Insulation.  The  fuel-oil-cleaning  emul¬ 
sion  retards  rusting  of  the  ferrous  metals  with  which  it  comes  in  con¬ 
tact,  while  the  water-displacing  composition  leaves  a  persistent  and 
effective  rust  inhibiting  film  over  the  surfaces  of  the  equipment. 

Electrical  and  electronic  components  which  had  been  submerged 
in  a  mlxfure  of  Navy  Special  fuel  oil  and  sea  water  were  effectively 
salvaged  by  treatment  with  the  fuel-oil-cleaning  emulsion  and  the 
water-displacing  composition.  An  integrated  procedure  is  outlined  for 
the  recovery  of  electrical,  electronic,  or  mechanical  equipment  after 
such  submersion.  A  method  of  sealing  the  insulated  parts  of  electro¬ 
motive  equipment  against  the  penetration  of  flooding  water  is  also 
pre.sented. 


PROBLEM  STATUS 

This  is  an  interim  report;  work  on  this  problem  is  continuing. 
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SURFACE  CHEMICAL  METHODS  OF  DISPLACING  WATER 
AND/OR  OILS  AND  SALVAGING  FLOODED  EQUIPMENT 

PART  1  -  PRACTICAL  APPLICATIONS 


INTRODUCTION 

As  a  result  of  equipment  damage  in  floods  eaused  by  hurricanes,  tornados,  heavy 
rains,  or  rapid  thaws,  millions  of  dollars  of  flood  damage  arc  done  annually  to  homes, 
factories,  and  equipment  of  all  kinds.  The  resulting  immersion  in  water  is  particularly 
serious  for  electrical  equipment,  power  sources,  and  complex  machinery.  Similar  dam¬ 
age  results  from  the  accidental  flooding  of  basements  and  ship  compartments  or  from 
th«'  materials  used  in  fighting  a  fire.  Insurance  company  figures  show  that  water  damage 
losses  from  accidental  and  fire-fighting  floi>Jiiig  now  l  un  iiP  <  inuiiy  millions  of  dollars 
annually. 

Damage  caused  by  flooding  can  be  greatly  reduced  by  prompt  application  of  adequate 
salvage  procedures.  The  damage  could  be  still  further  reduced  if  equipment  in  hazardous 
locations  were  properly  condiMoned  before  flooding  conditions  occurred.  The  procedures 
described  in  this  report  are  ihc  result  of  a  10-year  investigation  of  methods  for  salvaging 
naval  equipment  from  flooded  ship  compartments.  However,  the  fundamentals  of  cleaning 
and  water  displacement  involved  apply  to  many  typos  of  equipment  In  any  location. 

Some  of  the  results  of  our  investigations  on  wator-dispi  >cing  fluids  have  been  pre¬ 
sented  In  earlier  reports  (J-3).  Other  investigators  have  al..'  been  active.  Galvin  and 
McAuley  have  patented  a  water-displacing  composition  In  which  the  active  components 
are  dispersed  in  a  hydrocarbon  solvent  (4).  Snell  and  associates  have  described  the  use 
of  cinulsion-typc  dlphasc  cleaners  for  simultaneous  removal  of  water-soluble  and 
hydrocarbon-soluble  soil  by  solution  or  solubilization  mechanisms  (5-11).  Some  uso.s  of 
water-displacing  fluids  h.nve  ueon  reviewed  by  D.  L.  Samuel  (12,13).  Tlie  materials  and 
procedures  reported  here  differ  In  mode  of  action  and  in  range  of  applicability  from  those 
of  the  references. 

Success  in  preventing  corrosion  in  flooded  equipment  depends  upon  (a)  complete 
removal  of  all  sea  water  salts  (or  corrosion-promoting  chemicals  oftcr  present  In  flood¬ 
ing  waters),  (b)  removal  of  all  water,  and  (c)  application  of  a  rust  preventive,  all  these 
stops  occurring  soon  after  removal  of  the  equipment  from  the  water.  However,  flooding 
of  equipment  is  often  accompanied  by  contamination  with  oil  and  grease  resulting  irom 
spillage,  flooded  gear  boxes,  crankcases,  or  fuel-oil  tanks,  or  from  breaks  In  oil  lines. 

In  such  cases  the  viscous,  adherent  oil  residues  resist  removal  by  water  and  .also  prevent 
effective  action  of  the  water-displacing  compositions  which  have  been  developed.  Similar 
difficulties  arc  encountered  with  the  t.i.r-like  residues  deposited  by  the  smoke  of  a  severe 
fire. 


This  report  is  concerned  with  the  development  (a)  of  a  cleaning  emulsion  for  r  apidly 
removing  oily  contaminations  from  mechanical  or  electronic  equipment  and  (b)  of  a  water- 
displacing  composition  that  will  rapidly  dl.splace  water  from  all  surfaces,  parts,  and  crev¬ 
ices  accessible  to  a  liquid  spray  and  thus  accelerate  the  drying  process.  It  outlines  a 
successful  integrated  salvaging  procedure  and  Indicates  suitable  equipment  for  field 
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applications  to  flooded  and/or  oil-fouled  electrical,  electronic,  or  mechanical  equipment. 
It  also  presents  a  method  of  preconditioning  existing  electrical  equipment  to  render  it 
more  rap.Tl.de  of  salvage  should  it  be  flooded. 

The  liquid  displacement  with  which  this  report  is  concerned  involves  surface  chem¬ 
ical  phenomena  which  have  not  been  fully  appreciated  before.  The  surface  chemistry  of 
the  pi'ocess,  which  provides  clear  guidance  for  the  selection  of  displacing  agents  for  a 
wide  variety  of  liquids  besides  water,  will  be  presented  in  a  separate  report  (Part  2). 


THE  FORMULATION  OF  WATER-  AND 
OIL- DISPLACING  COMPOSITIONS 

Water-Displacing  Compositions 

A  practical  water-displacing  composition  must  displace  water  .;fflcicnlly  and  resist 
rowottlng,  must  do  no  significant  damage  to  electric;*'  insulation,  and  must  protect  sal¬ 
vaged  metal  surlaces  from  rusting.  It  is  also  deslrabl  '  that  it  should  offer  low  lire  and 
health  hazards,  be  stable  in  storage,  and  be  low  enough  in  cost  to  justify  widespread 
stocking  and  use.  The  three  essential  components  of  such  compositions  are  the  displacing 
liquid,  the  surface  active  rust  inhibitor,  and  a  suitable  oxidation  Inhibitor;  these  must  be 
chosen  in  the  light  of  the  above  requirements.  The  effectiveness  of  the  water-displacing 
liquid  was  assessed  by  a  water  displacement  test  whose  results  arc  tabulated  in  Table  1. 

In  this  test  a  4  by  4  inch  stainless  steel  coupon  was  supported  horizontally  so  that  the 
upper  surface  of  the  plate  could  be  .idjustcd  to  either  1  or  2  mm  below  the  surface  of  the 
water  in  a  waxed  hydrophil  tray.  Waxed  glass  barriers  were  used  to  scrape  the  water 
surface  clean,  then  0.025  ml  of  the  organic  liquid  was  placed  gently  on  the  surface  of  the 
water  using  a  blood  pipette.  If  the  liquid  was  effective  in  displacing  water,  a  hole  formed 
in  the  water,  revealing  the  bare  surface  of  the  steel  plate.  The  maximum  diameter  of  the 
hole  formed  was  measured  and  recorded  as  a  criterion  of  the  water-displacing  ability  of 
the  fluid  under  study. 

The  list  of  offectivv.  water-displacers  includes  alcohols  from  to  C^,  methyl  amyl 
ketone,  acctylacctonc,  amyl  acetate,  collosolvc  acetate,  ethyl  aceto  acetate,  butyl  or  propyl 
lactate,  possibly  ethyl  or  methyl  carbonate,  and  the  cellosolves  (2,3).  Higher  collosolvc 
derivatives,  carbitols,  and  a  few  other  compounds  which  gave  good  water  displacement 
were  omitted  from  consideration  here  because  their  evaporation  rates  were  so  low  as  to 
create  a  problem  of  removal  from  the  cleaned  equipment.  Lower  molecular  weight  mem¬ 
bers  of  the  alcohol,  ester,  and  ketone  series,  while  active  in  displacement,  were  not 
considered  because  their  volatility  created  fire  or  toxicity  hazards  or  because  the  dis¬ 
placement  effect  was  too  transitory.  Some  otherwise  promising  liquids  were  ruled  out 
because  they  caused  excessive  softening  or  disintegration  of  common  types  of  electrical 
Insulation.  In  the  light  of  the  requirements  outlined  in  fho  preceding  paragraph,  l-b'.;Unol 
was  selected  for  use  In  a  practical  formulation  and  has  been  a  component  of  the  composi¬ 
tions  used  in  field  tests.  On  the  basis  of  their  less  obnoxious  odor,  the  pentanols  and 
hexanols  may  be  preferable  to  the  butanols  for  some  applications. 

The  rust  inhibitor  in  a  water-displacing  composition  plays  a  dual  role;  It  must  act 
during  the  water-displacing  action  to  deposit  a  hydrophobic  film  which  the  displaced  water 
will  not  rewet,  and  it  must  protect  the  salvaged  equipment  from  subsequent  rusting  during 
service  or  storage.  In  addition,  it  must  be  compatible  with  the  other  components  of  th  ’ 
for.mulation  and  satisfy  the  general  requirements  outlined  previously 
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Tho  mechanism  of  action  and  the  characteristics  of  polnr-nonpolar  rust  inhibiting 
compounds  have  been  discussed  in  earlier  reports  of  this  Ijalwjrutory  (14-16),  Compounds 
tested  in  experimental  water-displacing  fluids  (i)  Included  naphthenic  and  arylstcaric  acids 
and  their  alkali,  alkaline  earth,  and  amine  salts,  the  corresponding  salts  of  petroleum  and 
synthetic  sulfonic  acids,  acid  phosphate  esters,  and  polyesters  such  as  the  glycerol 
oloates.  Rust  inhibiting  properties  were  compared  by  using  the  fog-cabinet  corrosion 
test  (17).  Of  the  compounds  examined,  basic  barium  dinonylnaphthalene  sulfonate  was 
chosen  as  the  most  suitable  for  use  in  water-displacing  fluids  because,  in  addition  to 
being  soluble  in  1 -butanol,  this  basic  salt  is  compatible  with  the  oxidation  inhibitor 
chosen,  2,6-dl-tertlarybutyI,  4-methylphenol,  imparts  excellent  rust  inhibition,  and  is 
commercially  available  as  a  reproducible  chemical.  Because  of  its  alkaline  reaction  it 
has  a  basic  reserve  which  is  essential  for  corrosion  inhibitors  which  must  operate  in 
atmospheres  where  minute  quantities  of  acid  vapors  may  be  encountered  or  where  per¬ 
sonnel  handling  the  equipment  may  leave  corrosive  finger  prints. 

Water-displacing  compositions  with  good  stability  against  oxidation  and  deterioration 
during  storage  are  desirable  because  military  use  often  rcq.  <re8  long  distance  shipments 
and  extended  storage  times,  frequently  under  adverse  conditions.  Oxidation  during  stor¬ 
age  may  cause  the  formation  of  objectionable  acids,  gums,  and  precipitates.  As  in  the 
sto»'agc  of  gasoline  and  oils,  the  rate  of  oxidation  accelerates  rapidly  with  Increasing 
temperature,  so  that  tropical  storage  is  a  serious  problem. 

The  oxidation  stabilities  of  several  water-displacing  fluids  and  compositions  were 
examined  using  the  induction-period  tost  for  the  oxidation  stability  of  gasoline  (18).  The 
usual  50-ml  sample  was  held  at  100  psi  and  100‘C  and  the  length  of  the  induction  period 
was  observed  by  means  of  a  pressure  recorder.  The  fact  that  1 -butanol  has  an  induction 
period  of  8  hours  is  indicative  of  fair  storage  stability.  However,  1 -butanol  containing 
0.1  wt-%  of  2,6.di-tcrtlarybutyl,  4-methylphenol  (PX441)  or  the  same  concentration  of 
2,4-dimethyl,  6-tcrtiarybutylphenol  (24M6B)  gave  Induction  periods  greater  than  216  hours. 
The  addition  of  3.0  wt-%  of  glyceryl  mono-  and  dloleatc  or  the  same  concentration  of 
basic  barium  dinonylnaphthalene  sjlfonatc  did  not  appreciably  alter  the  Induction  period. 
Formulations  containing  l-bu»anol,  PX441,  and  either  glyceryl  mono-  and  dloleate  or 
basic  barium  dinonylnaphthalene  sulfonate  as  rust  inhibitors  have  shown  no  deterioration 
in  water-displacing  ability  after  storage  pcrirxls  of  10  and  6  years  respectively. 

Considerations  of  cost  make  the  possible  use  of  a  nonpolar  diluent  Interesting.  A 
study  was  made  of  tlio  effect  of  several  such  diluents  on  the  equilibrium  spreading  pres¬ 
sure  and  on  the  prac'.iCal  water-displacing  efficiency  of  1 -butanol.  The  results  arc  sum¬ 
marized  in  Fig.  1.  It  can  be  seen  from  the  figure  that  the  incorporation  of  Stoddard 
solvent  (104*’F-flash-point  naphtha)  in  1-butanol  has  only  minor  effects  on  the  equilibrium 
spreading  pressure  until  the  proportion  of  hydrocarbon  in  the  mixture  exceeds  75  wt-%. 
This  is  because  the  surface  tension  oi  the  naphtha  and  the  butanol  are  almost  the  same 
and  because  the  latter  is  so  strongly  adsorbed  at  the  oil/water  Interface  that  the  inter¬ 
facial  tension  is  also  little  changed  as  long  as  the  .alcohol  remains  a  major  constituent 
of  the  mixture. 

The  effect  of  the  same  nonpolar  diluent  on  the  water-displacing  effect,  on  the  other 
hand,  is  marked.  The  addition  of  as  little  as  20  'vt-%  causes  a  40%  reduction  in  diameter 
of  the  displacement  effect.  Compositions  containing  between  20  and  80  wt-%  diluent  have 
equivalent  displacing  powers,  but  further  reductions  in  alcohol  content  give  liquids  of 
negligible  displacing  ability. 
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Table  t 

Water-Diiplaclng  Ability  and  Related  Propertloa  o{  Varloua  Organic  Fluldi 


Fluid 

Specific 

Gravity 

(20/20*0 

Sulublllty  nf 
Water  In  Fluid 
(wt-1>  at  20*0 

Ft, 

Mavlmum  Diameter  of  Area  of 
DIaplaced  Water  Layer  (lr..)t 

(dynea/cmat  20*0* 

One-mm- 
Thlck  Layer 

Two-mm- 
Tblck  Layer 

AlcoboU 

Methanol 

0.7«24  (.1 

Complete 

0.75 

Does  not  penetrate 

Ethanol 

0.7805  (•) 

Complete 

• 

0.75 

Does  not  penetrate 

!• Propanol 

0.6044  20/4 

Complete 

• 

l.OC 

Doea  not  penetrate 

2- Propanol 

0.7854  20/4 

Complete 

1.00 

Doea  not  penetrate 

l•B^tanol 

0.6109  (a) 

20.1  (a) 

48.5 

2.00 

1.50,  recovera 
Immediately 

1.50,  recover! 

2-Butanot 

0.806  20/4 

56.0 

50.4 

1.75 

2-Mclhyl-l>propanot 

0.8169 

. 

49.3 

t.'-O 

Immediately 

1.50,  recover! 

Immediately 

0.50,  recovers 

t-Pentanol 

0.82  (<ll 

39.5 

1.75 

2-Mrthyt>t-liulannl 

0.816  (d) 

. 

40.1 

1.75 

Immediately 

0.50,  recover! 

3>Methyt-l -butanol 

0.81  (<ll 

. 

41.6 

1.75 

Immedl!tely 

0.50,  recover! 

2-Methyl-2-bulanul 

O.BI  |d| 

18  (<l) 

43,6 

2.50 

Immediately 

2.00,  recover!  In 

3-Pentanal 

0.815 

40.8 

:.oo 

IS  second! 

1.00,  recovera 
Immediately 

Doea  not  penetrate 

l-Hexanol 

0.8208  U) 

7.26  (al 

36.9 

1.75 

2-Ethyl-l-buUnol 

0.8328  U) 

4.56  (a) 

39.1 

2.00 

Doe!  not  penetrate 

2-Mothyl-l-pentannl 

0.831 

5.8 

39.2 

1.75 

Does  not  penetrate 

l-Hcptanol 

0.8210 

• 

37.3 

1.50 

Does  not  penetrate 

2-!loptanol 

C.81B7  ui 

5.07  (al 

36.3 

1.50 

Does  nut  penetrate 

3,4-Dlmethyl-3-penUnol 

0.829 

• 

38.8 

1.75 

Does  not  penetrate 

l-Octanol 

0.8246 

• 

35.5 

1.00 

Does  not  penetrate 

2-Elhyl-l-bewnol 

0.8304  (at 

2.57  (a) 

35.0 

2.00 

Does  not  penetrate 

l-Nunanol 

0.8274 

• 

35.5 

0.75 

Doe!  not  penetrate 

2-Melhyl-7.i!thyl.4- 

0.8303  (a) 

2.11  la) 

72.0 

0.50 

Doei  not  penetrate 

■mdccanol 

2-  Hrpt  yU  1  -nonaiiol 

8355  (a) 

0*66  la) 

14.1  25*C 

Floats 

Float! 

3,9-Dlethyl-(l-trldrranol 

0.8475  HI 

0.46  (a) 

19.6 

Floatt 

Float! 

Binzyl  alcohol 

1.350  15/15 

• 

27.4  25*C 

1.25 

1.00,  recovers 

Cyclohexanol 

0.9440  25/4 

. 

35.1 

0.75 

Immediately 

0.5C,  recovers  In 

j  Furturyi  alcohol 

1.134 

Slnke 

2.50 

30  seconds 

0.50,  recovers 
Immediately 

0.50,  recovera 

Trirahydrufurluryl  alcohol 

1.109  25/4 

Stnka 

1.25 

Immediately 

Ether  Alcohola  from  Glycol 

Methyl  ceUoBC’lve  (Olyrnl 

0.9663  la) 

Complete 

41.2 

1.00 

Does  not  penetrate 

monomethyl  ether) 

Celloanlve  (Glycol 

0.9311  (a) 

Complete 

40.2 

1.25 

Does  not  penetrate 

monoetbyl  ether) 

Butyl  celloaolve  (Glycol 

0.9019  (a) 

Complete 

39.6 

1.75 

0.75,  recovers 

mnnobutyl  ether) 

2-Ethyl  butyl  celloaolve 

0.8954 

10.0 

41.0 

1.50 

Immediately 
Almost  penetrates 

(Glycol  2-ethyl  butyl  ether) 

Diethyl  eelloailve  (Glycol 

0.8424 

3.4 

46.7 

1.25 

0.50,  recovers 
Immediately 

diethyl  ether) 

.. 

_ 

*F^p  «qulUbrium  aiireiKilni  prcmur*, 

t0.02^  ml  flulct  lalci  grntly  on  th«  AurUco  of  th«  w-iter  layer, 
fa)  C^rbidt  ana  Cavlnati  C  cmlcali  Corp, 
to)  tleicule*  I’owdcr  Company. 

(c)  K.  1.  du  Pont  dr  Nrmour*  a^nd  Co.p  Inc* 

(d)  Sharplrn  ChernlcaUf  Iiyc, 
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Table  i  (ConiUtued) 

Water-DlepUctki?  Ability  and  Related  Properties  of  Various  Organlcl*  taids 


Fluid 

Specific 

Gravity 

(20/a0*C) 

Solubility 
Water  in  Fluid 
(wt-%  at  20*C) 

Fb 

Maximum  Diameter  of  Area  cf 
Displaced  Water  LAyer  (in.)t 

(dynes/cm  s(  20"C)* 

One-mm- 
Thick  Layer 

Two-mm- 
Thlck  Layer 

Ether  Alcohols  Irom 

Dlethylene  Glycol 

Methyl  csrbltol  (Dlethylene 

1.0211  (a) 

Complete 

41.6 

1.00 

Doc  a  not  penetrate 

glycol  monometbyl  ether) 

Csrbltol  (Dlethylene  glycol 

0.9898  (a) 

Complete 

40.8 

1.25 

Does  not  penetrate 

monoethyl  ether) 

Butyl  csrbltol  (Dlethylene 

0.9338  (a) 

Complete 

40.1 

1.25 

Does  not  penetrate 

glycol  monobutyl  ether) 

Ketones 

Acetone 

0.7911  (a) 

Complete 

1.30 

Does  not  penetrate 

Methyl  ethyl  Icetone 

0.803  20/4 

• 

40.2 

1.00 

Doe  a  not  penetrate 

Acetyl  scetone 

0.973 

4.3 

31.9 

0.30 

Does  not  penetrate 

A.cstonyl  acetone 

0.973 

Complete 

Dissolves 

1.00 

0.25,  recovers 
Immediately 

0.50,  recovers 

Methyl-n>a  myUkeInne 

0.8lti6  (a) 

1.5 

35.8 

2.75 

Dllsobutyl  Itetonc 

0.8089  (a) 

0.13 

26.S 

2.30 

imn»!dlately 

Docs  not  penetrate 

Dlacetone  alcohol 

0.041 

Complete 

Dissolves 

1.25 

0.50,  recovers 

(4-hydrnxy*4-methyl 

lnim‘!<tlately 

pentsiK>ne<2) 

Esters 

Methyl  lactate 

1.092 

Complete 

Sinks 

1.30 

0.23,  recov'.rs 

Ethyl  lactate 

1.031 

Complete 

Sinks 

2.00 

li  imedlately 

0.50,  recovers 

Butyl  lactate 

0.979 

43.3 

2.30 

Immediately 

0.50,  recoverd 

Dimethyl  carhoonte 

i.oeo 

40.1 

1.25 

i'.  imcdlalely 

Does  not  penetrate 

Diethyl  carbonate 

0.973 

- 

38,1 

2.50 

Doe  a  not  penetrate 

Diethyl  oxalate 

1.077 

• 

29.3 

2.25 

Does  not  penetr(.te 

•Cellosolve*  acetate 

0.975 

6.5 

43.2 

1.25 

0.50 

(Ethylene  glycol  mono- 
ethyl  ether  acetate) 

MlsMllanepus 

.•Octane 

0,7036 

t 

0.2 

Does  not  penetrate 

Does  not  penetrate 

ii-Dodecane 

0.766  20/-i 

1 

-C.O 

Does  not  penetrate 

Does  not  penetrate 

Benzene 

0.8794 

1 

9.9 

Does  not  penetrate 

Does  not  penetrate 

Toluene 

0.866  20/4 

1 

8.7 

Does  not  penetrate 

Does  not  penetrate 

Varsol  No.  1  (Bolling 

• 

1 

9.7 

Does  not  penetrate 

Does  not  penetrate 

Ranee  15S-19S*C) 

Solvesso  No.  1  (Bulling 

0.821 

1 

11.9 

Does  nut  penetrate 

Does  not  penetrate 

Range  93-l!S*C) 

Solvesso  No.  2  (Bolling 

0.838 

1 

10  5 

Does  not  penetrate 

Does  not  penetrate 

Range  135-175'C) 

Furfural 

1.160 

• 

Sinks 

2.00 

Docs  not  penetrate 

Tetrahydrofuran 

0.834 

- 

40.3 

1.50 

0.25 

Terpene  methyl  ethers  (b) 

0.912 

• 

28.3 

0.50 

Does  not  penetrate 

Penta methylene  glycol  (c) 

0.994 

- 

Dissolves 

0.75 

Does  not  penetrate 

Ethylbexylene  glycol  (a) 

0.942 

11.7 

41.9 

1.25 

Docs  not  penetrate 

equilibrium  spreading  pressure, 
t0.025  ml  fluid  ULd  gently  on  the  surface  of  the  water  ;ayer. 

(a)  Carbide  and  Carbrn  Chemicals  Corp, 

(b)  Hercules  Powder  Company. 

(c)  r..  I.  du  Pont  de  Nemours  and  Co.t  Inc. 

(d)  Sharpies  Chemicals,  Inc. 
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Fig.  1  -  Effect  of  dilution  with  hydrocarbon 
(Stoddard  solvent,  104  F-flash-point  naptha) 
on  equilibrium  spreading  pressure  and  on 
water-di splaring  activity  of  i-butanol 


The  use  of  a  hydrocarbon  of  higher  vapor  pressure  might  Improve  the  displacement 
efficiency,  but  would  also  increase  the  fire  hazard.  Dilution  with  mineral  spirits  is  thus  not 
a  promising  economy,  although  it  might  be  acceptable  for  some  specialized  applications. 

In  the  light  of  the  technical  requirements  and  of  the  foregoing  experimental  results, 
formulations  falling  within  the  following  ranges  have  been  of  interest  for  the  practical 
displacement  of  water  during  salvage: 

Displacing  liquid:  90  to  95  wt-%  1-butanol  or  1-penta.noI,  or  mixtures  of  the  two. 
Oxidation  inhibitor;  0.1  to  0.5  wt-%  2,6-di-tertiarybutyl,  4-methylphenol, 

Rust  Inhibitor:  1.0  (0  5.0  wt-%  b.aslc  barium  dlnonylnaphthalcnc  .salfonatc. 


Oil-Displacing  Compositions 

A  suitable  oil-removing  composition  must  have  the  following  characteristics: 

1.  It  should  remove-  oil  residues  rapidly  and  gently,  with  little  or  no  mechanical 
treatment  or  brushing  of  the  surface  required. 

2.  It  should  not  cause  significant  damage  to  the  common  insulating  materials  found 
in  electrical  or  electronic  equipment. 

3.  It  should  be  no  mure  flammable  than  the  oil  it  removes. 
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4.  It  should  be  noncorrosive  and  should  retard  the  rusting  of  steel  surfaces  to  which 
it  is  applied. 

5.  It  should  be  nonto.xic,  and  nonirritating  to  the  skin. 

Preliminary  experiments  showed  that  an  oil-in-water  emulsion  cleaner  would  be  the 
most  effective  material  meeting  these  requirements.  The  dispersed  organic  solvent  com¬ 
ponent  of  the  emulsion  removes  the  hydrocarbon  contaminant  while  the  continuous  water 
phase  dissolves  any  water-soluble  contaminants  as  well  as  flushes  away  the  oily  materials. 
Furthermore,  the  continuous  water  phase  reduces  the  flammability  and  health  hazard  of 
the  cleaner  formulation  and  also  lowers  the  cost  of  the  composition.  In  using  such  a  sys¬ 
tem,  the  cleaning  emulsion  and  contaminant  could  be  flushed  away  with  sea  water  or  fresh 
water,  depending  on  availability. 

It  should  be  clearly  understood  that  cleaning  emulsions  of  the  type  discussed  here 
are  intended  only  to  remove  mobile  contaminants;  i.e.,  they  are  not  expected  to  dissolve 
films  of  varnish,  lacquer,  and  gums  deposited  as  a  result  o.  oxidative  deterioration  of 
lubricants  or  fuel  oils. 

Two  organic  solvents  which  approximately  satisfy  the  requirements  outlined  for  the 
dispersed  phase  are  1,1,1-trichloroethane  (methyl  chloroform)  and  140°F-fla8h-point 
aliphatic  naphtha.  In  .suitable  formulations  both  solvents  gave  excellent  removal  of  fuel 
oil.  The  aliphatic  naphtha  was  selected  for  field  testing  because  of  its  reacy  availability 
on  shipboard,  its  moderate  cost,  and  its  lower  toxicity.  The  other  ingredients  (besides 
water)  required  with  the  1 40  °F- flash-point  naphtha  are  a  suitable  emulsifying  agent  and 
a  minor  amount  of  a  hydrocarbon  of  special  type  which  assists  in  oil  displacement. 

A  surface-active  agent  is  needed  to  hold  the  hydrocarbon  and  water  in  a  useful  emul¬ 
sion  as  well  as  to  assure  the  complete  displacement  of  oil  i'om  contaminated  surfaces. 
Oil-displacing  effectiveness  of  specific  swfactants  in  emulsion  formulations  was  deter¬ 
mined  by  a  fuel-oil-displacement  test  in  which  a  film  of  Navy  Special  fuel  oil  about 
0.007  inch  thick  was  applic'*  to  the  surface  of  a  clean  SAE  1020  cold-rolled  steel  coupon 
placed  horizontally  on  a  leveling  device.  Onto  this  film  0.625  ml  (one  drop)  of  the  clean¬ 
ing  emulsion  containing  the  surfactant  was  dropped  from  a  height  of  1  cm.  The  maximum 
area  from  which  the  cleaning  emulsion  cleared  away  the  fuel  oil  to  expose  bare  metal  was 
taken  as  an  indication  of  the  oil  displacement  ability  (Fig.  2).  One  percent  cf  the  surfactant 
to  be  tested  was  dissolved  in  two  parts  by  volume  of  Stoddard  solvent  and  one  part  by  vol¬ 
ume  of  1,1,1-trlchloroetharie,  then  this  solution  was  emulsified  with  water  in  proportions 
of  35  vol-%  of  solution  to  65  vol-%  of  water.  The  emulsion  was  prepared  Immediately 
before  testing.  The  results  of  these  tests  are  given  in  Table  2. 


Fig.  2  -  Penetration  and  di <=pla<:»’mpnt  of  Navy  Special 
fuel  oil  from  steel  coupon  (6  by  3  inches)  by  one  drop 
of  oil-displacing  emulsion 
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Table  2 

Effectiveness  of  Emulsions  Containing  Various  Surfactants  in  the 
Displacement  of  Navy  Special  Fue’  Oil  From  a  Horizontal  Steel 
Plate  (0.0625  ml  of  a  35- vol-% -solvent,  65-vol-% -water  emulsion 
containint^  1.0%  surfactant  -  the  solvent  used  is  a  2-to-l  (vol) 
mixture  of  Stoddard  solvent  and  1,1,1-trichloroethane) 


Surfactant  Used 

Area  of  Displacement, 
After  5  Minutes  (cm*) 

Type 

Trade  Name 

Control,  organic  solvent  water 
emulsion  (without  additive) 

1.6 

A  condensate  of  ethylene  oxide  with 
a  hydrophobic  base  formed  by  con¬ 
densing  propylene  oxide  with 
propylene  glycol 

Pluronic  L-63 

3.7 

Polyethylene  glycol  400  monooleate 
S1006 

As  in  name* 

3.5 

A  polyethylene  glycol  ester  of 
lauric  acid 

Nonisol  100 

3.3 

An  alkyl  aryl  polyether  alcohol 

Triton  X- 155 

3.2 

A  condensate  of  ethylene  oxide  with 
a  hydrophobic  base  formed  by  con¬ 
densing  propylene  oxide  with 
propylene  glycol 

Pluronic  L-43 

3.1 

Nonylphenyl  ether  of  polyethylene 
glycol 

Tergitol  nonionic  NPX 

2.9 

Sorbitan  trioleate 

Span 

2.9 

A  condensate  of  ethylene  oxide  with 
a  hydrophobic  base  formed  by  con¬ 
densing  propylene  oxide  with 
propylene  glycol 

Pluronic  L-62 

2.8 

A  condensate  of  ethylene  oxide  with 
a  hydrophobic  base  formed  by  con¬ 
densing  propylene  oxide  with 
propylene  glycol 

Pluronic  L-42 

2.8 

Nonylphenoxy  polyethylene  ethanol 

Igepal  CO-630 

2.5  ! 

A  substituted  oxozalinc 

Aik  iter  ge  C 

2.4 

Nonylphenoxy  polyethylene  ethanol 

Igepal  CO- 530 

2.0 

♦Supplied  by  Glycol  .Products  Co. 
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Emulsions  containing  each  of  the  ten  most  effective  surfactants  found  by  the  above 
screening  method  wcro  llici*  compared  in  the  emulsion  cleaner  spray  test  under  condi¬ 
tions  more  closely  simulating  actual  salvage  operations.  For  this  test  an  SAE  1020  steel 
plate  3  by  8  by  1/8  inch  was  uniformly  coated  with  Navy  Special  fuel  oil  bv  dipping  the 
plate  in  the  oi),  inclini.ng  it  45  degrees,  and  allowing  it  to  drain  for  exactly  5  minutes 
before  spraying.  An  oil  spray  gun  operated  with  compressed  air  was  used  to  spray  the 
emulsion  cleaner  against  the  plate  from  a  distance  of  two  feet,  using  an  air  supply  at 
80  psi.  This  test  showed  that  emulsions  cl  '..ighest  stability  did  not  cut  the  fuel  oil  film 
most  effectively;  the  most  complete  remc.ul  of  the  film  took  place  when  the  emulsion 
broke  readily  on  contact  with  the  surface  of  the  fuel  nil,  thus  releasing  the  solvent  to 
attack  the  contaminating  film.  A  desirable  surfactant  keeps  the  solvent  mixture  dis¬ 
persed  in  an  oil-in-watcr  emulsion  only  until  the  solvent  droplets  touch  the  surface  of 
the  fuel  oil  film.  Of  the  emulsions  containing  the  surfactants  listed  in  Table  2,  poly¬ 
ethylene  glycol  400  monooleate  SIOOC  gave  optimum  results.  It  was  not  only  effective 
with  sea  water  as  well  as  with  fresh  water  but  also  exhibited  considerably  better  rust 
inhibition  than  any  of  the  other  applicable  surfactants. 

The  rust  inhibiting  property  of  these  emulsions  was  dete'’mined  by  observing  the 
corrosion  on  a  grease-free  SAE  1020  cold-rolled  steel  coupon  after  partial  immersion 
in  the  emulsion  cleaner  for  24  hours  at  100  ±  2“?.  The  most  effective  surfactant  kept 
the  steel  coupon  free  from  rust  in  both  the  aqueous  and  hydrocarbon  phases  of  the  broken 
emulsion. 

Early  observations  revealed  that  the  original  formulation  containing  only  naphtha  and 
an  emulsifier  was  able  to  push  back  the  film  of  fuel  oil  only  after  this  film  had  been  rup¬ 
tured  by  strong  spray  impact  which  put  the  emulsion  droplets  in  contact  with  bare  metal. 
Once  the  molecules  of  surfactant  reached  th2  metal,  adsorption  and  wetting  effects  caused 
rapid  and  complete  displacement  of  the  oil  from  the  surface.  Such  a  displacement  mech¬ 
anism  is  more  efficient  and  more  economical  in  the  consumption  of  the  cleaning  agent 
than  a  progressive  solution  or  emulsification  of  the  contaminant  in  layer-by-layer  fashion. 
Composition  based  on  trichloroethane  did  not  exhibit  this  difficulty  in  penetrating  the  film. 
It  was  suspected  that  the  14n*F-fla8h-point  aliphatic  naphtha  was  not  a  good  enough  sol¬ 
vent  to  dissolve  the  fuel  oil  I  stantaneously  and  an  attempt  was  made  to  find  a  blending 
agent  which  would  promote  penetration  of  the  film.  These  efforts  were  successful.  Exper¬ 
iments  with  a  variety  of  organic  materials  revealed  that  an  effective  and  cheap  component 
for  this  purpose  was  the  fuel  oil  itself.  Other  compounds  which  promoted  rapid  penetra¬ 
tion  of  fuel  oil  films  were:  naphthenic  base  turbojet  oil  (Spec.  Mll-0  6081b,  Grade  1005) 
and  dic.sel  fuel  oil  (Spec.  Mil-F  16884C,  Ships,  Type  1).  During  this  investigation  it 
became  evident  that  many  kinds  of  oily  contaminant  could  be  removed  if  a  penetration 
assistant  having  similar  properties  was  utilized  in  the  cleaning  formulation. 

The  compositions  employee’  to  salvage  electrical  or  electronic  equipment  from  con¬ 
taminated  sea  water  r hould  not  materially  affect  insulating  tapes,  fabrics,  plastics,  or 
varnish  under  the  conditions  of  salvage.  Experience  has  shown  that  for  a  given  solvent 
type  the  greater  the  volatility,  the  less  will  be  tlie  effect  of  solvent  on  electrical  insulation. 
For  the  same  volatility,  the  rate  of  attack  will  depend  on  the  molecular  structure.  For  use 
in  the  cleaning  emulsion,  aliphatic  hydrocarbon  solvents  are  less  harmful  to  electrical 
insulation  than  the  aromatic  or  chlorinated  hydrocarbons.  In  the  water-displacing  com¬ 
positions  aliphatic  alcohols  appear  to  be  the  least  harmful,  with  the  cellosolves,  acetates, 
lactates,  and  ketones  following  in  order  of  increasing  damage  to  insulation. 

These  conclusions  are.based  on  observations  of  the  effects  of  each  solvent  on  selected 
samples  of  insulating  fabrics,  tapes,  plastics,  and  varnishes.  The  cleaning  compcsitlon 
and  water-displacing  formulation  ultimately  chosen  were  evaluated  for  insulation  damage 
in  an  exposure  simulating  the  salvage  operation.  Samples  were  partially  immersed  in 
sea  water  covered  witli  a  layer  of  fuel  oil  for  24  hours,  then  removed  ard  cleaned  with  the 
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Cleaning  composition,  flushed  with  water,  blown  with  air,  and  sprayed  with  the  water- 
displacing  formulation.  On  the  following  day,  the  Wilkinson  Pencil  Hardness  Test 
Method  (15)  was  used  to  determine  the  effect  the  soaking  and  recovery  procedure  had  had 
an  the  insulating  materials.  The  insulating  materials  studied  are  reoresentative  of  those 
found  in  present  day  electrical  and  electronic  equipment. 

The  results  are  reported  in  Table  3,  which  shows  that  all  of  the  samples  amenable 
to  hardness  testing  returned  to  their  original  hardness  within  24  hours  after  salvage. 

None  of  the  insulating  materials  were  affected  by  either  the  cleaning  composition  or  the 
water -displacing  composition;  however,  a  few  of  the  fiber  reinforced  materials  were 
softened  by  the  water  or  permitted  fuel  oil  to  penetrate  between  the  layers  of  insulating 
materials  so  that  it  was  necessary  to  use  the  cleaning  emulsion  in  an  ultrasonic  field  in 
order  to  remove  the  last  traces  of  the  fuel  oil.  The  fiber-containing  samples  studied 
were  strips  and  pieces  cut  from  rolls  of  tape  or  cloth  so  that  the  edges  were  not  protected 
with  the  bonding  material.  The  rag  paper  was  not  affected  after  surface  and  edge  treat¬ 
ment  with  grade  CA  varnish  (Specification  Mil-V-1137).  Likewise,  .".one  of  the  materials 
which  allowed  penetration  of  the  fuel  oil  were  affected  when  the  cut  edges  were  coaled 
with  the  same  varnish  and  allowed  to  dry  before  being  5  ubmerged  in  the  fuel  oil  and  sea 
water.  In  actual  applications  the  entire  assembly,  including  the  edges  of  these  materials, 
would  be  treated  during  the  impregnating  process,  thus  reducing  the  tendency  toward  fuel 
oil  penetration. 

Substitute  fuel-oil  displacing  compositions  may  be  prepared  by  employing  similar 
quantities  of  either  Navy  Speci-al  fuel  oil  or  turbojet  engine  oil  in  place  of  the  diesel  fuel 
oil.  Pluronlc  L-63*  or  Nonisol  100*  can  be  substituted  for  the  polyethylene  glycol  400 
monooleate  S1006I  in  the  formulation.  If  the  cleaning  emulsion  is  to  be  used  on 
mechanical  equipment  only,  where  dan>age  to  insulation  is  not  a  problem,  chlorinated  cr 
aromatic  hydrocarbons  can  be  used  instead  of  the  aliphatic  solvent.  In  this  case  the  dis¬ 
placing  activity  is  lower  but  the  solvent  action  is  increased.  In  water-displacing  compo¬ 
sitions,  1-pentanol  or  mixtures  of  butanol  and  pentanol  may  be  used  instead  of  the  1-butanoI. 
Also  2,4-dimethyl,  6-tertiarybutyl  phenol  (24M6B1  may  be  substituted  for  2,6-di-tertiary- 
butyl,  4-methylphenol  (PX441)  as  oxidation  inhibitors.  The  basic  salt  (base  No.  50)  of 
barium,  calcium,  or  sti  'itlum  petroleum  sulfonate  made  from  a  sulfonic  acid  having  a 
molecular  weight  in  excess  of  460  may  be  substituted  for  the  basic  barium  dinonylnapb- 
thalene  sulfonate  as  tlie  rust  inhibitor. 


SALVAGE  EXPERIENCE 

The  cleaning  and  water-displacing  compositions  whose  development  has  been  described 
have  been  utilized  in  simulated  salvage  of  a  wide  variety  of  electrical  and  electronic  units, 
and  on  the  basis  of  this  experience  an  integrated  system  of  physical  reconditioning  or  sal¬ 
vage  has  been  e.itabllshed.  Briefly,  the  salvage  procedure  involves  the  following  steps: 

1.  Mobile  fuel  oil  or  grease  contaminant  is  removed  by  spraying  the  equipment  with 
cleaning  emulsion,  or  by  subjecting  the  equipment  to  ultrasonic  radiation  while  immersed 
in  the  emulsion.  The  latter  procedure  is  preferred  for  complex  electronic  assemblies 
or  for  components  bearing  adherent  contamination  or  corrosion  products. 

2.  The  equipment  is  thoroughly  flushed  with  fresh  water  to  remove  cleaning  emulsion 
and  traces  of  salt,  using  .spray  application  or  ultrasonic  treatment  as  may  be  appropriate. 


+Supplii;d  by  V/yandotte  Ciieiuical  Corporation. 
tSupplied  by  Gcigy  Industrial  Chemicals, 
jsupplicd  by  Glyco  Products  Company. 
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Tabic  3 

Effect  of  the  Ultimately  Chosen  Cleaning  Composition 
and  Water-Displacing  Fluid  on  Electrical  and  Electronic 
Equipment  Insulation  After  Partial  Immersion  in  Sea 
Water  Covered  with  Fuel  Oil 


Material 

MU.  Spec. 

Detrimental 

Effect 

1  Electrical  insulating  board  - 
laminated  phenolic,  type  PBG 

Mil-P-3115 

None 

Electrical  insulating  board  - 
laminated  melamine,  type  CMC 

M11-P-1R037 

-  None 

Electrical  Insulating  fiber  board 

Mil-F-1148 

None 

Mica  mat,  silicone  bonded 

- 

None 

Mylar  film 

- 

None 

Mica  mat,  glass  cloth  silicone  bonded 

- 

None 

Varnished  cambric  cloth 

Mll-1-3374 

None 

Organic  varnished  glass  cloth 

Mll-I-3190 

None 

1  Mylar-glass  cloth-silicone  bonded 

- 

None 

Mylar-glass  cloth-organic 
varnish  bonded 

Mil-I-3190 

None 

Mica-glass  cloth-epoxy  bonded 

- 

None 

Fish  paper  F 

Mll-I-695 

None 

Vinyl  impregnated  sleeving 

- 

None 

Laminated  phenolic  insulating  sheet, 
typo  PBG 

Mil-P-3115 

None 

Glass  tape,  high  temp,  class  B, 
type  MG 

Mil-1-3505 

dt 

Glass  tape,  high  temp,  class  H, 
type  GMG 

Mil-I-3505 

I 

Mylar  film  on  rag  paper 

- 

♦  I 

♦t'acl  oil  penctratvl  between  the  layer?  of  insulating  material.  It 
was  necessary  to  u:.c  the  cleaning  composition  in  an  ultrasonic 
transducer  cleaning  apparatus  in  order  to  remove  the  last  traces 
of  the  fuel  oil  -  no  detrimental  effect  suffered. 


12 


NAVAL  RISCARCH  LABORATORY 


3.  Bulk  water  is  blown  from  the  equipment  with  oil-free  compressed  air  and  all 
parts  of  the  equipment  are  sprayed  with  the  water-displacing  composition,  which  causes 
most  of  the  film-forming  water  to  drain  away. 

4.  The  remaining  water  and  water-alcohol  azeotrope  are  then  evaporated  by  blowing 
with  warm  air  or  by  placing  in  a  moderately  warm  oven  for  several  hours. 

The  detailed  salvage  procedures  are  set  forth  in  Appendix  A  of  this  report.  These 
procedures  have  been  successfully  applied  to  equipment  which  had  been  exposed  to  damage 
as  indicated  below. 

1.  AC  motors  to  5  horsepower,  ac-dc  motor-generators,  and  dc  motors  and  control¬ 
lers  to  1-1/2  horsepower  were  repeatedly  immersed  in  sea  water  covered  by  fuel  oil, 
soaked  in  sea  water  for  72  hours,  and  then  returned  to  their  initial  operating  characteris¬ 
tics  by  the  salvage  procedure  in  Appendix  A  (Figs.  3  and  4).  After  salavage  two  different 
3/4-horsepower  dc  motors  were  operated  under  full  load  for  300  hours  without  difficulties. 

2.  A  radio  transmitter  (Type  COL- 52245;  Figs.  C  and  6),  receiver  (Type  CKP- 
46139A),  and  a  rectifier  power  unit  (Type  COL-202i8)  were  similarly  exposed  and  recov¬ 
ered,  uTing  ultrasonic  radiation  to  promote  the  action  of  the  emulsion  cleaner  and  the 
fresh  water  rinse.  After  the  replacement  of  two  plastic-base  radio  tubes  which  had 
trapped  sea  water,  both  transmitter  and  receiver  operated  satisfactorily,  and  passed  a 
30-day  continuous  operation  test  with  no  signs  of  difficully.  Corrosion  damage  was 
negligible. 


Fig.  .3  -  Electric  motor  immersion  in  sea  water 
■  covered  with  Nay  Special  fuel  oil 
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Fig.  4  -  Electric  motor  being  cleaned 
after  submersion  in  sea  water  covered 
with  Navy  Special  fuel  oil 


Fig.  5  -  Radio  transmitter  after  immersion  in  sea  water 
covered  with  Navy  Special  fuel  oil 
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rig.  6  -  Radio  trarumlttcr  shown  in  Fig.  3  boing  cleannd  after 
nubmcr sion  in  sea  wat.r  covered  with  Navy  Special  fuel  oil 


3.  A  large  airborne  radar  unit  which  had  been  subjected  to  a  50-hour  salt  water 
spray  lest  in  the  course  of  acceptance  testing  was  cleaned  and  reconditioned  by  the 
salvage  procedure  with  ultrasonic  treatment.  More  than  99%  of  the  components  were 
found  to  be  operational  after  salvage.  They  .arc  thus  available  for  training  use,  whereas 
former  sets  subjected  to  the  salt  spray  test  were  found  to  deteriorate  rapidly  to  a  total 
loss.  It  should  be  noted  that  while  no  oil  contamination  existed  in  this  case  the  emulsion 
cleaner  and  ultrasonic  agitation  were  effective  in  removing  the  salt  deposits  and  loose 
corrosion  that  had  been  responsible  for  the  previous  progressive  deterioration  of  equip¬ 
ment  exposed  to  the  sail  spray  test. 

4.  Electronic  and  electrical  equipment  damaged  in  a  recent  fire  aboard  a  naval 
vessel  under  construction  are  being  reconditioned  by  these  salvage  techniques.  Although 
circumstances  prevented  immediate  treatment  and  allowed  marked  corrosion  of  some 
components  to  occur,  it  was  found  that  judicious  use  of  selected  metal  cleaning  compounds, 
followed  by  the  standard  cleaning,  gave  excellent  results.  It  is  estimated  that  the  applica¬ 
tion  of  these  procedures  will  restore  to  usefulness  several  million  dollars  worth  of  equip¬ 
ment  which  would  otherwise  have  been  scrapped. 

In  the  course  of  the  salvage  experiences  outlined  above  several  factors  Influencing 
the  practical  performance  of  the  cleaning  system  were  studied.  The  results  are  sum¬ 
marized  here  as  background  information  for  practical  application  of  the  techniques. 

When  the  cleaning  formulation  was  used  on  equipment  covered  with  burner  fuel  oil, 
grade  heavy  (Bunker  C),  ease  of  removal  was  greatly  increased  by  warming  the  formu¬ 
lation  to  about  100'‘F  before  spraying  the  equipment.  The  higher  temperature  also  hastens 
the  removal  of  burner  fuel  oil,  Navy  Special,  although  in  this  case  it  is  not  essential. 
Removal  of  either  fuel  oil  from  equipment  at  temperatures  below  40’F  would  be  extremely 
difficult. 
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The  efficiency  of  the  cleaning  formulation  was  studied  at  spraying  pressures  ranging 
from  20  to  80  psl.  Tp  general,  it  was  found  that  cleaning  could  be  effected  at  the  lower 
pressures  only  with  the  expenditure  of  larger  quantities  of  cleaning  fluid.  A  fine  spray 
ejected  at  a  higher  pressure  cleans  better  and  uses  less  fluid.  Tests  have  also  shown 
that  oven  the  most  delicate  insulation  in  use  in  electrical  motors  or  In  most  electronic 
equipment  is  not  damaged  by  spraying  with  a  fine  spray  at  80  psl  air  pressure  at  a 
nozzlo-to-surface  distance  of  a  few  inches. 


Ultrasonic  agitation  is  almost  essential  for  satisfactory  and  economical  cleaning  of 
electronic  assemblies.  It  is  difficult  and  time-consuming  to  get  the  last  traces  of  fuel 
oil  from  deep  crevices  and  inaccessible  places  near  small  components  in  electronic 
equipment  by  the  spray  method.  However,  most  equipment  can  be  cleaned  quickly  by 
immersing  it  in  an  ultrasonic  cleaning  tank  containing  the  cleaning  composition.  Direct- 
current  electrical  motori  and  motor-generators,  which  are  difficult  to  salvage  by  simple 
spraying  procedures,  were  successfully  salvaged  when  the  ultrasonic  equipment  was  used 
in  conjunction  with  the  spraying  method  for  the  removal  of  the  fuel  oil  ard  sea  water. 


When  contaminants  arc  encountered  which  re.slst  removal  by  the  cleaning  emulsion, 
alternate  cleaning  compositions  may  be  employed.  For  example,  the  heavy  tarnish  or 
green  discoloration  often  encountered  on  copper,  bronze,  or  brass  fittings  after  being  in 
contact  with  sea  water  caii  be  removed  readily  by  immersing  the  component  for  about  one 
minute  in  a  solution  of  an  inhibited  sulfamic  acid  in  warm  water  (about  140“?).  This  treat¬ 
ment  should  then  be  followed  with  an  alkaline  rinse  such  as  a  detergent  solution  of  ammo¬ 
nium  hydroxide  for  about  one  minute.  Both  cleaning  compositions  should  be  used  in 
separate  ultrasonic  cleaning  baths.  Fresh  water  flushing,  preferably  with  hot  water 
(150’  to  130“?)  should  be  ultlized  after  each  cleaning  step  in  Older  to  prevent  contamina¬ 
tion  of  the  next  cleaning  bath.  After  all  special  cleaning  has  been  accomplished  the  appa¬ 
ratus  salvage  is  completed  by  the  method  outlined  in  Appendix  A.  In  many  cases  resistant 
contaminants  may  be  removed  by  brush  application  of  special  cleaners  without  immersing 
the  whole  assembly  in  the  aggressive  cleaning  solution. 

During  the  submersion  tests  it  was  observed  that  the  submersion  times  of  18  hours, 

72  hours,  or  even  30  days  diu  not  change  the  pattern  of  salvage.  The  equipment  is  as 
wet  in  18  hours  as  it  is  likely  to  be  if  submerged  for  longer  times.  Slight  corrosion  does 
occur  when  equipment  is  submerged  for  extremely  long  periods,  but  as  long  as  the  equip¬ 
ment  is  completely  submerged,  corrosion  progrcs.ses  very  slowly. 


It  was  noted  that  most  of  the  difficulties  experienced  in  the  salvage  of  equipment 
containing  electrical  coils  would  have  been  eliminated  if  the  cniu  h^d  been  adequately 
sealed  against  moisture  before  immersion.  It  was  found  that  existing  equipment  could 
be  readily  treated  with  such  a  seabmt  during  overhaul  with  a  resulting  marked  decrease 
in  susceptibility  lu  fiooUing  darnagi:.  The  details  of  this  phase  of  the  investigation  arc 
reported  in  Appendix  B. 


CONCLUSIONS 

Formulations  have  been  developed  for  removing  Navy  Special  fuel  oil  and  water  from 
electrical,  electronic,  and  mechanical  equipment  which  has  been  submerged  in  sea  water 
subject  to  contamin?»!cn  with  the  oil.  An  integrated  procedure  has  been  developed  for 
salvaging  the  equipment  after  submersion  in  fuel-oil-contaminated  sea  water.  This 
cleaning  technique  has  also  been  found  to  be  effective  in  reconditioning  electronic  and 
electrical  equipment  which  has  been  exposed  to  smoke  and  salt  water  as  a  result  of  a 
fire.  A  method  for  sealing  the  in.sulated  parts  of  electromotive  equipment  against  the 
penetration  of  flooding  water  has  also  been  developed. 
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APPENDIX  A 


RECOMMENDED  PROCEDURE  FOR  RECOVERY 
OF  ELECTRICAL.  ELECTRONIC,  AND 
MECHANICAL  EQUIPMENT  AFTER  SUBMERSION  IN  WATER 


WORKING  FORMULATIONS 

The  oll>dlsplactng  composition  adopted  and  used  for  salvaging  equipment  is  formulated 
as  follows: 

The  clcunlng  organic  solvent  concentrate  Is  emulsified  with  an  equal  volume  of  water 
to  give  the  following  formulation: 

44.5  vol*%  140''F*fltish>paint  aliphatic  aulvunl 

S.O  vul-%  diesel  fuel 

0.3  voU%  polyethylenoglycol  400  monooloate  S1006* 

50.0  vol-'V,  water. 

The  watcr*di8placlng  composition  currently  in  use  for  8nlv.'>.glng  equipment  is  formu¬ 
lated  as  follows; 

03.75  vol-%  l-twtanol 

0.25  vol-%  2,6-dl-tertlarybutyl,  4-mothylphonol 

6.00  vol-%  rust  inhlbl  *«r  concentrate  composed  of  3.0  vol-%  basic 
barium  dlnonylnaphthalene  sulfonate  and  3.0  vol-%  naptha  diluent  to 
render  the  rust  inhibitor  more  easily  dispersed  in  the  1-butanol. 


SALVAGE  PROCEDtJRE 

Before  removing  any  equipment  from  fresh  or  sea  water  be  sure  that  preparations 
luve  been  made  to  proceed  Immediately  with  salvage  operations.  When  equipment  wet 
with  water  Is  moved  Into  an  oxygen-rich  atmosphere  such  as  air,  the  ferrous  surfaces 
rust  rapidly,  causing  severe  damage  to  sensitive  parts.  If  the  equipment  cannot  bo 
cleaned  immediately,  as  may  be  the  case  when  damage  Is  extensive  and  the  overall  salvage 
operation  Is  complex,  it  shoul  l  bo  flushed  with  fresh  water  and  thoroughly  sprayed  with 
the  water-displacing  fluid  at  the  earliest  possible  moment.  This  will  reduce  the  rate  of 
corrosion  on  the  equipment  ac  It  dries  out,  thus  making  complete  salvage  at  a  later  date 
possible. 


♦Supplied  by  Glvco  Product c  Co, 
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If  the  only  surface  contaniinatlOi'  i"  lit -’I  oil  o-  similar  material  and  sea  water,  the 
ec,uipmcnt  may  be  flushed  off  with  fr-'ih  water  attd  cerriod  imnv.dlately  into  step  1  below. 

In  the  case  of  fire  damaged  cquipmei:!.,  or  oq  r^ment  has  brcii  allowed  to  corrode  before 
cleaning  is  begun,  certain  supplementr.rv  proc<.ou*'t'S  rr.av  be  required  before  step  1  is 
applied.  If  severe  tarnishing  or  corros*-  n  is  rncountered  on  small  areas  of  the  equipment, 
the  corrosion  products  may  be  ’•emoved  t.y  i  treatment  of  a  minute  or  less  in  an  ultrasonic 
bath  containing  Inhibited  sulfamic  acid  soluHon.  This  should  be  followed  immediately  by  a 
fresh  water  rinse,  an  alkaline  neutralizing  oath,  and  a  final  flushing  with  fresh  water.  The 
equipment  should  be  carried  immediately  into  sLep  1  of  the  salvage  procedure  to  remove 
the  final  traces  of  the  stronger  cleaning  agents  used  in  the  auxiliary  treatment.  Heavy 
sludges  and  greases  may  require  the  use  of  alkaline  cleaners  such  as  polyphosphates  or 
silicates  before  step  1.  Dense  soot  or  carbon  deposits  from  fire  exposure  are  more  read¬ 
ily  removed  if  the  affected  parts  are  scrubbed  with  a  stiff  bristle  brush  daring  the  ultra¬ 
sonic  treatment. 

Blistered  or  discoh;  rrd  paint  may  be  removed  by  sandblasting  or  by  the  use  of  a 
paint  stripper,  with  appropriate  care  to  prevent  the  stripper  reaching  insulation  it  might 
damage.  For  paint  stripping,  an  alkaline  solution  contaming  sodium  gluconate  and  chelating 
agents  is  effective,  particularly  when  the  treatment  is  combined  with  ultrasonic  agitation. 
These  auxiliary  cleaning  chemicals  are  most  effective  in  hot  water,  The  concentrations 
used  arc  usually  in  the  range  of  4  to  8  ounces  per  gallon  of  water.  Exposure  time  should 
be  held  to  one  minute  or  less,  and  the  cleaning  solution  should  be  flushed  off  in  fresh  water 
immediately  after  use.  This  prevents  contamination  of  the  cleaning  emulsion  of  step  l,and 
also  safeguards  the  equipment  from  possible  damage  by  prolonged  exposure  to  traces  of 
these  stronger  chemicals. 

Step  1.  Spray  the  e.xterior  of  the  equipment  thoroughly  with  the  cleaning  emulsion  to 
remove  as  much  contaminant  as  possible.  Flush  the  equipment  with  fresh  or  sea  water. 

If  access  can  be  gained  to  the  interior  of  the  equipment,  spray  the  interior  thoroughly,  then 
flush  it  with  water.  If  the  construction  of  the  equipment  prevents  access  to  the  interior, 
disassemble  and  spray  the  interior  thoroughly,  then  flush  with  water. 

Step  2.  .\fter  most  c.'  the  oily  contamiiianl  has  been  removed  by  the  flushing  process, 
the  last  traces  of  contaminant  and  sea  water  can  be  renwved  from  the  equipment  by  sub¬ 
jecting  it  to  ultrasonic  radiation  while  immersed  in  the  cleaning  emulsion  in  an  ultrasonic 
cleaning  tank.  This  treatment  is  particularly  effective  In  removing  contaminants  from 
crevices  and  narrow  clearances.  The  ultrasonic  cleaning  treatment  is  carried  out  as 
follows: 

a.  Disassemble  the  equipment  as  far  as  necessary  to  gain  ready  access 
of  liquid  to  all  remote  locations. 

b.  Immerse  the  parts  in  the  tixnk  of  an  ultrasonic  cleaning  apparatus 
containing  the  cleaning  emulsion  and  operate  according  to  instruc¬ 
tions  supplied  by  the  manufacturer  of  the  ultrasonic  apparatus.  An 
intensity  of  about  live  watts  of  radiated  energy  per  square  inch  is 
effective. 

c.  After  the  ultrasonic  treatment  m  a  bath  of  the  cleaning  emulsion, 
flush  with  fresh  water;  then  repeat  the  ultrasonic  treatment  using 
fresh  water  to  remove  excess  cleaning  emulsion. 

Step  3.  Blow  as  much  water  as  possible  from  the  equipment  with  clean  compressed 
air  at  not  more  than  50  psi  pressure 
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Step.  4.  Spray  all  parts  of  the  equipment  with  the  water -displacing  fluid.  Remember 
lluU  this  fluid  must  penetrate  to  all  parts  nf  the  equipment  that  have  been  wet  with  water. 
After  spraying,  allow  *0  minutes  for  the  water-displaeing  fluid  to  penetrate,  displace,  and 
combine  with  the  water  remaining  In  the  equipment. 

Step  5.  The  residual  mixture  of  water  and  water-displacing  fluid  should  now  be  evap¬ 
orated  from  the  equipment  by  blowing  with  clean,  heated,  compressed  air  or  heated  air 
from  an  electric  blower,  by  storage  of  the  equipment  in  an  electric  oven  with  good  air 
exchange,  or  by  simply  allowing  sufficient  time  for  the  equipment  to  air  dry.  (No  further 
corrosion  will  lake  place  on  the  equipment  after  it.  has  been  sprayed  with  the  water- 
displacing  fluid.) 

If  there  is  no  fuel  oil  or  lubricant  contamination,  omit  steps  1  and  2  and  start  the 
salvage  procedure  as  indicated  in  step  3. 

Mechanical  equipment  is  ready  for  operation  after  a  thorough  lubrlcadon.  Electronic 
equipment  can  be  operated  as  soon  as  the  drying  process  ha.  progressed  to  where  all  com- 
(Minents  are  ojwrable.  On  electric  motors  and  motor-gcneraiors,  operation  should  not  be 
attempted  until  the  fleld-to-ground  resistance  exceeds  8000  ohms.  After  starting  any 
equipment  it  should  be  operated  for  several  hours  ui^cr  no  load  or  very  light  load  to 
secure  gentle  internal  heating  to  complete  the  drying.  This  treatment  should  return  the 
equipment  to  its  original  electrical  characteristics.  Operation  should  continue  until 
llcld-to-ground  resistance  exceeds  1  megohm  before  applying  a  capacity  load.  If  in  an 
unusual  case  the  equipment  cannot  be  returned  to  operational  condition,  it  should  be 
sprayed  again  with  the  water-displacing  fluid  and  the  drying  process  repeated  as  before. 

The  following  precautions  should  also  be  observed  in  all  salvage  operations; 

Journal  bearings  -  remove  waste  packing  in  bearing  clambers,  clean  as  directed 
for  other  equipment  above,  add  new  packing,  and  saturate  with  suitable  lubricant. 

Ball  and  rollc*  bearings  -  remove  grease  either  by  disassembly  and  cleaning  or  by 
forcing  new  grease  through  bearings  until  all  old  grease  has  been  displaced. 

Carbon  brushes  -  replace  carbon  brushes  in  generators  and  dc  motors. 

Contact  points  in  switches  and  relays  -  remove  the  rusl-lnhlbiting  film  left  from 
the  water -displacing  fluid  by  wiping  points  with  Ilntlcss  cloth  soaked  in  naphtha  solvent 
or  ethyl  alcohol. 
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WATER  RESISTANT  SEA:LANT  FOR  WINDINGS 
OF  ELECTROMOTIVE  EQUIPMENT 


One  of  the  most  troublesome  problems  encountered  In  the  salvage  of  electrical  power 
equipment  is  the  removal  of  water  from  deep  closed-end  voids  in  electrical  windings.  The 
difficulties  are  frequent  and  serious  when  the  windings  have  been  taped  and  varnished  in 
such  a  manner  as  to  permit  acco.ss  of  salt  water  to  labyrinth  voids  within.  Serious  trouble 
arises  when  dc  equipment  containing  such  coils  is  returned  to  service  with  traces  of  salt 
water  still  present.  Electrolysis  is  set  up  at  insulation  flaws  and  proclutos  corrosive 
chemicals  which  enlarge  the  Insulation  break?  so  that  electrolytic  short  circuits  and 
overheating  lead  to  complete  failure  of  the  windings.  An  effective  method  for  scaling 
such  voids  in  electromotive  units  would  redme  flooding  lamagc  and  simplify  salvage.  It 
seems  certain  that  such  scaling  could  be  accomplished  ouring  rn'inulacture  M  it  were 
required  by  specifications.  However,  there  is  a  tremendous  amount  of  equipment  now  in 
service  with  the  fleet  which  is  vulnerable  to  flooding  because  of  labyrinth  voids  'n  tlio 
windings,  and  a  method  is  needed  by  which  such  eo.uipmont  can  be  upgraded  In  fUoding 
resistance  at  overhaul.  This  Appendix  summarizes  the  investigation  leading  to  such  a 
method  and  outlinec  an  effective  impregnation  procedure  using  available  sealants  and 
simple  auxiliary  equipment. 

For  the  use  planned,  it  is  essential  that  the  sealant  and  the  method  of  aj'.pllcatlnn 
ahould  not  be  such  as  to  affect  the  electrical  or  mechanical  integrity  of  the  insulations 
and  insulating  varnishes  now  in  service.  The  sealant  must  also  be  capalilc  of  wetting  and 
spreading  smoothly  over  the  coatings  currently  in  use. 

In  general,  the  windings  of  equipment  now  in  service  will  have  been  treated  with  one 
of  the  varnishes  listed  under  Military  Specification  Mil-V-1137A,  or  some  equivalent 
material.  The  spccificatio.i  covers  four  typos  Grade  BA.  black  atr-drylng;  Grade  BB, 
black  baking;  Grade  CA.  clear  air-drying: and  Grade  CB,  clear  baking.  The  baking  grades 
arc  required  to  be  phenolic;  the  air-drying  grades  may  al.so  bo  phenolic  but  thi.?  is  not 
.specified. 

Those  varnishes  arc  supplied  in  Type  M  and  Type  AN  Type  M,  which  has  less 
stringent  requirements  on  solvent  flammability  and  toxicity  than  Type  AN.  is  commonly 
used  by  manufacturers,  while  Type  AN  is  used  in  naval  repair  faciiities.  The  properties 
of  the  cured  varnishes  obtained  from  the  two  types  are  similar. 

Attempts  to  make  the  windings  Impervious  to  water  by  an  encapsulating  procedure 
that  placed  a  1/8- Inch  layer  of  opoxy  or  rubber  sealant  over  the  c;<terior  of  the  winding 
were  abandoned  because  the  encapsulated  windings  overheated  when  operated  at  rated 
load.  Attention  was  therefore  turned  to  treatments  that  would  seal  the  voids  in  the  wind¬ 
ing  without  impairing  hc'at  dissipation. 

E-aiminatinn  of  windings  in  service  equipment  showed  that  present  methods  of 
applying  varnish  left  uncoated  and  unsealed  spaces  within  the  winding,  and  experimental 
coating  teste  demonstrated  that  the  winding  vold.s  would  almost  never  be  adequately  sealed 
if  the  varnish  were  applied  by  brushing,  spraying,  or  dipping  at  atmospheric  pressure.  On 
the  other  hand,  it  was  found  that  vacuum  impregnation  led  to  effective  sealing  and  filling  of 
the  winding  voids  by  any  of  the  varnishes  of  Specification  M11-V-1137A 


I 

i 


20 


NAVAL  RESEARCH  LABORATORY 


2. 


A  lil^h  vacuum  is  nol  required  for  successful  impregnation;  a  final  pressure  of  IS  <o 
25  mm  Hg  (such  as  is  obtainable  from  a  water  operated  aspirator  pump)  is  satisfactorj . 

It  is  necessary,  however,  to  employ  a  two-step  process  in  which  the  first  application  Oi 
varnish  is  cured  by  air-drying  or  baking,  as  may  be  appropriate,  before  the  next  ^'acu;  m 
impregnation.  This  stepwise  buildup  of  the  sealant  coating  is  especially  importan.  whm 
air-drying  varnish  is  used.  In  this  case  it  is  necessary  between  coats  to  allow  tin  e  for 
complete  drying  and  hardening  of  the  varnish  in  deep  pores  to  prevent  trapping  of  i.ol"e.-t 
in  the  deeper  voids  when  the  next  coat  is  applied.  Air-drying  sealants  occasional!/  raquire 
a  third  treatment  for  complete  water  exclusion. 

The  choice  of  varnish  type  among  those  available  '.ndcr  Mil-V-l!37A  depends  c  ; 
the  nature  of  the  insulation  and  varnish  already  on  thr  windings.  If  these  are  known  lo 
be  baked  on,  then  a  baking  enamel  is  permissible  and  often  preferable  because  of  th; 
smaller  shrinkage  during  cure  and  the  shorter  curb  g  time.  If  the  varnish  already  ,>  esent 
is  an  air-drying  type  it  is  likely  to  blister  or  decor/ipose  diuring  the  baking  of  BB  O"  '"B 
varnishes.  Hence  if  the  equipment  is  not  known  to  be  insulated  entirely  with  bakin'  i  iate 
rial.s  itis  noce.ssary  todo  the  auxiliary  scaling  with  an  air-di,. ing  varnish  such  as  3A  nr 
CA.  Class  H  motors  coated  with  a  silicone  varnish  maybe  waterproofed  by  a  two  state 
reduced-pressure  impregnation  with  the  vari.ish  supplied  under  Military  Specificr.tion 
Mil-L-2707,  “Insulation  Electrical,  Liquid  I.nprcgnating,  High  Temperature.”  This  oi 
other  silicone  varnishes  should  not  bo  used  on  any  equipment  not  already  contain  ng  si  l- 
cone  insulation,  because  the  vapors  may  C',use  damage  to  carbon  brushes  and  co  nmutator 
assemblies. 

Equipment  protected  from  water  penetration  by  this  method  has  been  show:  *0  retm 
its  original  heat  dissipation  characteristics,  so  that  it  does  rot  overheat  in  servu.  AC 
motors,  dc  motors,  and  ac-dc  motor -generators  whose  windings  had  been  coated  with 
Mil-V-1137A  AN  type  varnishes  by  two-storage  impregnation  have  been  salvaged  from 
sea  water  immersion  and  operated  successfully  under  rated  loads  for  300  hours  or  more. 
They  showed  no  evidence  of  overheating  or  water  damage. 

To  summarize,  it  has  been  'cund  tkat  vacuum  impregnation  of  windings  for  electro¬ 
motive  equipment  can  prevent  trapping  of  salt  water  by  voids  inaccessible  to  the  salvage 
procedure.  This  allows  simple  and  quick  salvage  of  flooded  units  and  could  be  an  impor¬ 
tant  contribution  to  the  recovery  potential  of  a  damaged  vessel.  The  method  is  applicable 
to  equipment  in  service  as  well  as  to  that  in  production;  it  employs  presently  speci¬ 
fied  varnLshes  in  simple  and  relatively  Inexpensive  equipment.  It  does  not  signifi¬ 
cantly  change  the  operating  characteristics  of  electromotive  units  to  which  it  is  applied. 
The  results  suggest  the  possibility  of  developing  shipboard  electromotive  equipment  which 
will  be  nearly  immune  to  flooding  damage  if  simple  salvage  procedures  are  promptly 
applied. 
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